Tinea capitis is a known common infection among schoolchildren in developing countries that is still underreported in Ethiopia. The aim of this study was to examine the epidemiologic and etiologic profile of tinea capitis among school-aged children in a rural area in southern Ethiopia. We collected demographic and clinicodermatological data from school children aged 3-12 years with tinea infections. Pathologic specimens were taken for potassium hydroxide (KOH) mount and mycological culture. Dermatophyte species were identified by macroscopic examination of the colony and microscopic examination of fungal cultures. A total of 634 schoolchildren were screened in the study; 128 cases were suspected for tinea capitis based on clinical examination of which 99 patients (mean age 6.7 years within a range of 4-12 years), who were subsequently positive, either based on KOH examination or showed growth of dermatophytes on culture, were included in our study. The ratio of males to females was 3:1. A total of 88 patients (89.9%) had a culture positive for dermatophytes. The zoophilic species Trichophyton verrucosum was the most prevalent isolate (n = 29 cases), followed by the anthropophilic species T. tonsurans (n = 27). The other Trichophyton species implicated were T. mentagrophytes (n = 14), as well as T. schoenleinii, T. soudanense, and T. violaceum. Only 11 of the isolates belonged to the genus Microsporum: M. audouinii (n = 8), M. ferrugineum (n = 2), and M. gallinae (n = 1). T. verrucosum, followed by T. tonsurans were the most frequent causative agents in this study.
Introduction
Dermatophytoses are infections of keratinized tissues of lower animals and humans caused by a group of related filamentous fungi. [1] [2] [3] The genera includes Trichophyton, Epidermophyton and Microsporum, 2 which are distributed all over the world but with most cases of infection detected in Africa, Asia, and Southern and Eastern Europe. [3] [4] The epidemiology of dermatophytoses varies according to the geographic region studied, the socioeconomic status of the population, the presence of domestic animals, and the age of the population. This epidemiology has been seen to change over time, thus requiring the update of information from time to time. [4] [5] Tinea capitis, or ringworm of the scalp, is caused by an invasion of dermatophytes into hair follicles and the keratinized layer of hairy skin, leading to hair loss, scaling, kerion, agminate folliculitis, favus, black dot, grey patch, erythema, or impetigo-like lesions. 6 Rare cases have been reported in which the dermatophyte invaded the deep dermis, subcutis, or even internal organs. 7 The incidence of tinea capitis in developed countries has clearly declined following improvements in socioeconomic conditions, the introduction of griseofulvin for treatment, and the advent of adequate school surveillance programs. [8] [9] In Africa, however, tinea capitis continues to be an important public health problem, where it has been reported to affect 10% to 30% of school-aged children. 4, 8 This population is particularly susceptible because of their poor personal hygiene habits, poor environmental sanitation, and regular contact with other children. 5 Consequently, school surveys are very convenient ways of studying the risk factors for this disease. 10 Skin disease is common in Ethiopia. Previous studies [11] [12] reported that fungal infections, especially tinea capitis, represent the second most common skin problem in primary schoolchildren in the rural areas of Ethiopia studied. The high prevalence of skin disorders is related to climatic and economic factors. 13 Doni et al. concluded that even in children under close medical supervision, cutaneous disease may go unrecognized or untreated. 12 The aims of our study were to determine the prevalence, and causative agents of tinea capitis in pupils attending a primary school located in rural southern Ethiopia and to perform an analysis of the possible risk factors associated with tinea capitis as the etiological agent.
Material and methods

Settings
This school-based, prospective, cross-sectional study was conducted in August 2013. The study was performed at Gambo School, which is located in the ward of Gambo and the district Kore, in the West-Arsi zone of the Oromia Region of Ethiopia. The school caters to the needs of 1665 children attending grades 1 to grade 8. It is located in southern Ethiopia, 245 km from Addis Ababa, and 2200 m above sea level, and it is managed by a Catholic mission. The main occupations of the local population are subsistence farming and animal husbandry. Hospital workers, merchants, and teachers represent a minority of the population.
Social demographic information and physical examination
Our team consisted of two Spanish dermatologists and an Amharic-speaking interpreter First, dermatologists and the interpreter went into each classroom one at a time. With the help of the teacher and the interpreter, the dermatologists conducted lessons and instructive games about skin hygiene that lasted about two hours. Afterward, the children were brought into the examining room. The dermatologists examined the children's skin in conditions of good daylight. Working diagnoses were based on personal medical history and physical examinations carried out by both dermatologists. The interpreter and the dermatologists performed and recorded clinical examination and epidemiological data of children with relevant symptoms for tinea capitis. We thoroughly examined all areas of the scalp and the rest of the body for evidence of an annular lesion with central clearing and activity at the edges, including scaling, crustiing, follicular inflammation, hair loss, and erythema. Epidemiological information included the following: anthropometric characteristics (age, sex, weight, and height), household characteristics (place and type of residence [e.g., mud or brick], number of cohabitants, number of siblings living at home, animals at home, bed-sharing practices), hygiene habits (clothes-sharing practices, place where personal hygiene is practiced [river or home], frequency of bathing, use of soap, drinking water and diagnosis of dirty skin performed after skin was mostly cleansed by removing dirt and debris, which were wiped off with a soap water-soaked cotton piece), basic possessions (provision of adequate clothing, possession and type of shoes) and previous treatment with an antibiotic.
Laboratory investigations
We confirmed diagnoses with laboratory investigations, using samples taken from the erythematous, peripheral and actively growing margins of the skin lesions. To extract the hair samples, we plucked the dull, lusterless hair and hair stubs using sterile epilation forceps. A portion of the obtained sample was treated for 15-30 minutes with 1-2 drops of 25% KOH (Remel, Lenexa, KS, USA) solution before being examined microscopically for fungal hyphae. The remaining portion was inoculated on Sabouraud's Dextrose Agar (Oxoid, Lenexa, KS USA), one of them supplemented with cycloheximide (0.5 mg ml −1 ) (Oxoid, Basingstoke, England) and incubated at room temperature (22-25
the cultures were periodically examined every other day for a total of 4 weeks for the growth of dermatophytes. Cultures using potato dextrose agar (Oxoid, Basingstoke, England) and autoclaved rice were frequently carried out to facilitate identification. Positive cultures were examined macroscopically and microscopically for species identification on the basis of cultural characteristics, pigment production, microscopic examination in lactophenol cotton blue (Remel, Lenexa, KS, USA) preparation (scotch tape method) (Figure 1) . Only the patients with either positive KOH examination or culture showing growth of dermatophytes were diagnosed as having tinea capitis.
Data management
Individuals diagnosed with tinea capitis during clinical examination were taken as "cases" for the study. Exclusion criteria were students without any skin lesion or who had received oral or topical antifungal treatment within the previous two weeks. Data were coded and entered into logbooks and then into the computer and analyzed using IBM SPSS Statistics for Windows Version 22.0 (IBM Corp., Armonk, NY, USA). In the descriptive study, continuous variables were represented as the mean ± standard deviation (SD), and qualitative variables were expressed as absolute and relative frequencies. We compared tinea capitis with categorical risk factors and dermatophytes isolation in children <7 years and children ≥7 years using the χ 2 test. We used the Student's t-test to analyze continuous variables. A P-value of <.05 was considered to indicate statistical significance. We obtained estimates of prevalence with 95% CI using the Wilson procedure.
Ethical considerations
The study was conducted with permission from the Kore Zonal Administration. Also, both the Institutional Ethical Review Board of Gambo Rural Hospital and the Ethical Review Committee of the Ethiopian Catholic Secretariat reviewed and approved the study. Parents or guardians signed an informed consent form for the inclusion of their child in the study, and the confidentiality of participant's personal information was protected. In the study, all patients with dermatological problems were treated free of charge in Gambo Rural Hospital as per standard treatment guidelines for health centers.
Results
Out of 634 schoolchildren screened in the study (333 boys and 301 girls), 99 were diagnosed with a tinea capitis infection after clinical and microbiological examination, providing an estimated prevalence rate of 15.6% among the schoolchildren (95% CI 13.0%-18.6%) in the ward of Gambo. The epidemiological characteristics of the patients with tinea capitis are shown in table 1. The proportion of children with tinea capitis who were boys was 73.7%, and only 26.3% were girls, a finding significantly different to that in children without tinea capitis (48.6% boys and 51.4% girls) (P < .001). The average age of the children with tinea capitis was 6.7 years (range: 4 to 12 years). Most of the 99 patients with tinea capitis showed grey patches (n = 83 cases). The presentation of the tinea capitis for other patients varied from 11 cases showing scaling without inflammation to 5 patients presenting scaling with broken hair and even severe inflammation. All patients with tinea capitis had other cutaneous problems: 26 children had one other skin problem, 33 children had two, 18 children had three, 14 children had four, 7 children had five, and one child showed six lesions in addition to tinea. The most common lesions identified are presented in table 2. There was no statistical significance between the factors associated with tinea infection and other specific skin problems and the presence of dermatophytes.
We performed cultures in 128 cases of tinea capitis with clinical suspicion, and in 97 of them direct microscopic examination of hair samples by KOH studies was also performed. The cultures were positive for dermatophytes in 88 cases (68.8%), KOH studies were positive for 50 cases (51.5%). There were a total of 39 patients (40.2%) which were positive either KOH and dermatophyte culture. In table 3, we show the results of the 99 cases of tinea capitis. The most common genera were Trichophyton spp. (n = 77), followed by Microsporum (n = 11). We did not find any cases of Epidermophyton. The most common species was zoophilic T. verrucosum (n = 29) followed by the anthropophilic species T. tonsurans (n = 27). Other Trichophyton implicated were T. mentagrophytes (n = 14) and T. soudanense, T. violaceum, and T. schoenleinii. Only 11 of the isolates belonged to the genus Microsporum: M. audouinii (n = 8), M. ferrugineum (n = 2), and M. gallinae (n = 1). Of the 88 dermatophytes isolated, 44 were anthropophilic fungi and 44 were zoophilic fungi. Moreover, from 11 KOH positive patients, 10 had a positive culture for nondermatophyte fungi: 4 cases of Exophiala spp., 2 cases of Candida albicans, and 1 case each of Fusarium spp., Cladosporium spp., Acremonium spp., and Rhodotorula spp. Finally, there were 17 cases (17.5%) that were negative for both KOH and dermatophyte culture. In nine of them nondermatophyte fungi (4 cases of Exophiala spp., 2 cases of Candida albicans, 1 case each of Bipolaris spp., Ulocladium spp., and Basidiobolus spp.) were isolated.
The prevalence of zoophilic and anthropophilic fungi was similar in both age groups (48.0% and 40.8% vs 40.0% and 49.0%, respectively). The distribution of dermatophytes according age is shown in table 3. There are not difference according of the age expect for T. soudanense, where all of cases were in children ≥7 years old (P = .04).
Discussion
Dermatophyte infections are common, constituting a public health problem among children worldwide.
14 The prevalence of dermatophytes varies in different geographical areas. In our study, 15.6% of the children screened showed either positive KOH examination or positive culture for dermatophytes. The present study differs from earlier studies as only laboratory-confirmed cases have been used to determine the prevalence of dermatophytosis in a rural area of Ethiopia. All of the earlier studies have defined tinea infection on the basis of clinical diagnosis.
A number of previous reports have indicated that the prevalence of dermatophyte infection is higher in children under 11 than in older children, with the peak in the age range of 7-11 years. [16] [17] [18] [19] [20] In this study, there was no difference in dermatophyte prevalence in participants <7 and ≥7 years old but there was a higher prevalence of negative cultures for children ≥7 years compared with <7 years old. A higher incidence of tinea capitis in boys than in girls in the current work, it could be associated with different levels of personal hygiene among the sexes due to prevalent sociocultural habits. Depending on the source of the keratin used, dermatophytes can be divided into geophilic (soil), zoophilic (animals), and anthropophilic (human) types. The prevalence of each genera and species of dermatophyte varies according to geographical area, both between and within countries as shown in table 4 below.
In contrast to previous reports from Iran, Tanzania, and Kenya, our study population was located in a rural area, had a lower socioeconomic level and kept a larger number of domestic animals at home. The finding of a zoophilic species, T. verrucosum to be the most prevalent isolate in our study, is thus attributable to direct contact with infected cattle or contaminated fomites or soil. 25 On the other hand,
T. verrucosum and T. tonsurans have been associated with rural setting in other studies in Africa [26] [27] ; thus the finding that the anthropophilic species T. tonsurans was only second in prevalence in our study is consistent. Hogewoning Moto et al. 4 T. tonsurans (45.3%) Nairobi (Kenya)
Kechia et al. 24 T. soudanense (56.8%) Meiganga (Cameroon) T. rubrum (29.2%) et al. compared schoolchildren attending rural and urban schools in Gabon and found that infections with T. tonsurans and M. audouinii were more prominent in the rural school, while infection with T. soudanense was more frequently seen in the urban school. 27 However, T. tonsurans was also predominant in urban schools like in the study performed in Nairobi by Moto et al. 4, 27 Contrary to the finding in the report of Komba et al, although M. canis is an important zoophilic species related with tinea capitis it was not detected in our study.
Epidemiological surveys are an essential tool for developing preventive strategies for infection control. Tinea capitis is the main cutaneous fungal infection in schoolchildren in this area. 21 In our study, T. verrucosum and T. tonsurans were the most prevalent dermatophyte isolates, and nondermatophyte fungi were isolated from KOH positive samples in a considerable number of cases even though a sterile procedure was adopted before sampling. Thus, the role of nondermatophyte fungi, both directly in cutaneous infections or isolation of dermatophytes in culture, needs to be evaluated. 15 The findings suggest that practices specifically leading to the entrenchment of dermatophyte infection, and fungi infection in general, are still very much present within the setting studied, and health professionals will have to address the relevant questions to reduce the burden of fungal infections. A public health promotion action plan based on education on self-hygiene, specifically aimed at counteracting the epidemiological burden, should play an important role in reducing the future prevalence of this common infection.
